INTRODUCTION
Isotactic polypropylene (PP) homopolymer is a type of thermoplastic of very large and fast growing market share. In Western Europe, the total consumption of PP in the year 1991 was of the order of 4 million tonnes, of which about 70 % was homopolymer. The world capacity for PP in 1991 amounted to 17.2 million tonnes (ref 1).
Due to the great technical importance of PP, there is a fiequent need for its molecular characterization. In view of the fact that PP standard samples have hitherto not been available, the IUPAC working party IV.2.2. decided in 1987 to establish two PP standards for the determination of molar mass and molar mass distribution. For this purpose, two PP samples which strongly differ in molar mass distribution were investigated by 16 laboratories; each sample had been taken from a distinct lot of a commercially available grade. Hereby, the main emphasis was on the determination of molar mass distribution by size exclusion chromatography (SEC), supplemented by light scattering measurements and determination of the intrinsic viscosity. In this way, two PP standards are now available with recommendations concerning the procedure of sample preparation and measuring conditions in SEC.
MATERIALS
Two commercial grades of polypropylene with different distribution of molar mass were investigated using samples ftom the same lot in all laboratories.
Moplen S30S is a medium melt index general purpose grade of Himont S. r. l., Ferrara, Italy, and is recommended for blow moulding of bottles, thermoforming, textile film yam, ropes, extruded nets and chenille.
Daplen PT55 is a high melt index controlled rheology grade of PCD Polymere GmbH, Linz, Austria, and is recommended for injection moulding of difficult parts with long flow distance, for jet spinning of nonwovens and for filaments. ,, I, Only methods routinely applied in industrial laboratories were used. For this reason, the applied procedures could not be standardized thoroughly.
994
! I 0 !I ,I I ! ( ,(2110xlOx4)
DISSOLUTION OF SAMPLES
As described in the literature (ref 3 -5), polypropylene shows a tendency to thermooxidative degradation.
Therefore in most experiments antioxidants were added in small concentrations (about 0.1 x l o 2 g/cm3). In the course of this work, the following conditions were recommended and agreed upon by the members of this working party: solvent 1,2,4-trichlorobenzene (TCB), polymer concentration 0.1 -1.0 gA, addition of antioxidant (0.5 gA), dissolution time 4 h at a temperature of 150°C under nitrogen with occasional stirring. These conditions were however not closely followed by most of the laboratories (cf Table 2 Generally, a flow-rate of about 1 d m i n and a concentration of sample solutions of 0.1 -0.3 g/l were chosen. Working with polystyrene-divinylbenzene columns, 1,2,3-trichlorobenzene (TCB) was preferably used as eluent; in the case of silica-gel columns, o-dichlorobenzene (ODCB) was used.
Further details of experimental conditions are presented in Table 2 for the sample Moplen S30S and in Table 4 for the sample Daplen PT55.
Basically, three different methods of calibration were used (cf Table 2 Often, a combination of methods (a) and (b) was used (calibration a + b), preferably with method (a) in the range of low molar mass, and method (b) at high molar mass. In some cases, two different calibration methods where applied independently, e. g. method (c) and method (a) (cf. Table 2 and 4, lab No IX and XV), calibration cia. Table 3 and Table 5 give the arithmetic mean and the standard deviation of the values of molar mass for Moplen S30S and Daplen PT55, respectively. (1) a = HDPE, * cf. (1) a = HDPE, c = broad MMD-PP-sample * cf. Table 2 n 30 min at 135°C: SEC as in Tab. 2
( 1) a = HDPE * cf. (1) a = HDPE, b = universal calibration (PS standards), c = broad MMD-PP-sample * cf. Table 6 summarizes the values of the weight-average molar mass determined by SEC coupled with LALLS using different values of refractive increment and values corrected to the same value of refractive increment (dn/dc = -0.0935 d g ) . The various values of the refiactive index increment of polypropylene in TCB found in the literature or commuuicated to the one of us (KL) by cooperating laboratories are given in Table 7 .
In static light scattering, the instrument FICA 50, Sofica, St. Denis, France, was used, applying unpolarized light of wave length h = 546.1 nm. As solvent, 1-chloronaphthalin (1-CN) was preferred due to its high refiactive index increment for polypropylene. For hrther experimental details see Table 8 . LIMITING VISCOSITY NUMBER Limiting viscosity number was measured in TCB at 140°C with conventional Ubbelohde viscometers available fiom Schott Comp., Mainz, Germany, and with the differential viscometer Model 100 of Viscotek Corp., Poster, Tex., USA. The dissolution conditions were similar to those given in Table 2 and Table 4 for the corresponding laboratories.
The values of the limiting viscosity number measured by four different laboratories in 9 independent experiments are given in Table 9 . Table 2 and Table 4 give the values of the mass-and number-average molar mass, M, and Mr2, and the polydispersity parameter M d M n of 43 and 38 SEC runs, carried out in 14 and 13 laboratories, respectively. The values marked with an asterisk (*) are considered to be influenced by thermooxidative degradation due to severe conditions of dissolution (longer dissolution time, higher dissolution temperature); neglecting these values leads to better agreement of these molar mass data as shown in Table 3 and Table 5 . There is good agreement of SEC-data expecially for M, measured for Moplen S30S in 3 1 selected runs. The agreement among these distribution curves is however not hlly satisfactory. Table 5 ) . Obviously, thermoovidative degradation does not have such large influence as in the case of Mopleu S3OS. The molar mass distributions, w (log M), in Fig. 2a and Fig. 2b agree quite well iu the range of medium molar mass, but show cousiderable deviations in the range of very low aud very high molar mass. This leads to a high uuceitainty of the polydispersity parameter M,JMr,, (cf Table 5 ) which is probably caused by the influence of the peah broadening effect.
DISCUSSION
In the case of Moplen S30S, the arithmetic meau of Mw,,,,,, in Table 6 (6 SEC/LALLS runs) is 9.6 % larger than the corresponding value in Table 3 (31 SEC runs) . M, , , , , , is calculated by correcting to the same value of refractive index increment, dddc = -0.0935 mVg. which is the arithmetic meau of the values given in Table 7 , when neglecting the value dddc = -0.102 mVg (ref 1 1) . The standard deviation of the Mw, ,,,,-values from SECLALLS is however slightly greater than with couventioual SEC.
In the case of Daplen PT55, the arithmetic meau ofMw,,,,,, in Table 6 (also corrected to drridc = -0.0935 mUg) fiom 9 SECLALLS runs is o d y 3.7 % larger than the correspouding value in Table 5 (30 SEC runs).
These findings show that the agreement between SECLALLS and SEC results is strongly improved by correction to a value of refractive index increment of dddc = -0.0935 mVg.
Comparison of the mean values for M, in Table 3 and Table 5 with M, measured by static light scattering in Table 8 shows good agreement.
The values of the limiting viscosity number by four laboratories show good agreement. These data may be used to calculate the Staudbger-Mark-Houwink constants for polypropylene in TCB at 140°C on the basis of the molar mass distributions given in Fig. 1 and Fig. 2 (ref 14) . 
